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(54) Title: I MPROVEMENTS IN ROLLING ELEMENTS BEARING S 

(57) Abstract: A method of ifeannentof a rolling element bearing component by hard pardckabra&ion to improve the surface topog* 
raphy of the component. The hard particle abrasion includes the steps of immersing the bearing component in a receptacle containing 
hard panicles, preferably alumina, and agitating the component and/or bard panicles to produce relative movemcnL Preferably the 
method in performed for between 10 minutes and I hour. The relative movement may be produced by rotating the component in one 
direction while the receptacle is rotated in the opposite direction. The surface finish of the component is preferably improved from 
arourxJ Q-i 3 tun to arc mid 0.07 pm. Compressive ureas in the surface of the component may also be improved, typically by between 
200 MPa and 500 MPa. Rolling contact fatigue life of the component is also improved. 
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Brookes & Mart 
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BROOKES & MARTIN 


Date of mailing (day/month/year) 
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Applicant's 9' agent's file reference 
EEB/GCF 
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International application No. International filing date (dawmonth/year) 1 
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>riority date (dov/month/yeaf) 
11 June 1999 (11.06.99) 
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AU,KP.KR,US 

In accordance with Rule 47.1(e). third sentence, those Offices will accept the present N«lw as w 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by tho applicant to the designated Ofticeisj. 

2 The following designated Offices have waived the requirement for such a communication at this time: 
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applicant to furnish a wpy of the international application {Rule 49.1 (a-t>isj)- 
3. Enclosed with this Notice is a copy of the international application as publish*! hythe International Bureau on 
21 December 2000 (21.12.00) under Wo. WO 00776722 

REMINDER REGARDING CHAPTER II (Article 31|2)(a} and Rule 54-2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from 
dato ^demand Ifor irrternat.onal preliminary examination mv* be filed w«th the competent International Prel.mmary 
Examining Authority before the expiration of 1 9 months from the priority date. 
It is the applicant's sole responsibility to monitor the Ifl-month time limit 

Mote that only an applicant who is a national or resident of a PCT Contracting State which is bound bv Chapter ll has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the natural phase he must «^JJJ^'^^ S 
or 30 months/or later in some Offices, perform the acts referred to therein before each desrgnated or elected Office. 

For further important information on the time limits and acts to be performed for entering < h £ thd 
Annex to Form PCT/1B/3Q1 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant s Guide. 
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Interaatjoaal Bureau of WIPO 
34 Chemin des Colombettes 
1211 Geneva 20 
Switzerland 



Dear Sirs, 



Re: PCT/GB00/02266 

fmnrovemenf* in rolling fifonent bearings 

I refer to form PCIYI3A/220 dated 3 November 2000. I file herewith in triplicate an amended set of 
claims under Article 19. 

Claims 1 to 10 have been replaced by amended claims 1 to 10. New cUdb 1 to 3 ""J*** * 
previous claims 1 to 3; new claims 4 and 5 correspond to previous claims 8 and 9; new claims 6 to 9 
correspond to previous claims .4 to 7. 

raSIm 1 has been amended to be directed lo the use of hard r^icle abrasionj J^*^ 1 ** 
element bearing component. The hard particle abrasion has been qualified as ^n-coirome and 
ST? supported by the specification which describes a ptoeess usmg water dim 
IbhWtorVThc hard particle abrasion of the present ^^.^^Z^^tS^ 
corrosive process performed under acidic conditions (around pH 1 .5) described m EP 0 657 658A. 

The use of non-corrosive hard panicle abrasion to treat rolling element ^bearing componems is not 
known. Advantageously, a bearing component treated in accordance wrtb the invention exhibits a 
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, 27 December 2000 

[nternational Bureau of WIPO 



arf unexpected inc™« in rolling comae. Ife C*e new d*. I -* F-» 4, 

paragraph 4 of the description) 



Yours feithfully. 



E.E. Barnard 
nttnOKES & MARTIN 



Enc. 
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Qaims 

1. Use of non-corrosive hard particle abrasion to treat a rolling element bearing 
component, the hard particle abrasion including the steps ofi 

immersing the bearing component in a receptacle containing hard panicles; and 
agitating the bearing component and/or hard particles to produce relative 
movement therebetween and to improve the surface topography of the component. 

2. Use according to claim 1, wherein the hard particle abrasion is performed for 
between 10 minutes and 1 hour. 

3. Use according to claim 1 or 2, wherein the relative movement is produced by 
rotating the component in one direction while the receptacle is rotated in the opposite 
direction. 

4. Use according to any one of claims 1 to 3, wherein the hard particles comprise 
alumina. 

5. A rolling element bearing component treated in accordance with any one of the 
preceding claims. 



6. A rolling element bearing component according to claim 5 wherein the surface 
finish of the component is improved from around 0. 13 (im to around 0.07 fim. 

7. A rolling element bearing component according to claim 5 or claim 6, wherein 
the compressive stress in the surface of the component is increased by between 200 MPa 
and 500 MPa. 

8. A rolling element bearing component according to any one of claims 5 to 7, 
wherein the rolling contact fatigue life of the component is significantly enhanced. 

9. A rolling element bearing component according to any of claims 5 to 8, wherein a 
surface finish on the component is produced which requires no further machining. 

10. A rolling element bearing comprising one or more components according to any 
one of claims 5 to 9. 
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13 December 2000 
Dear Sirs 

Patents Act 1977: Search Report under Section 17(5) 

I enclose two copies of my search report and two copies of the citations. Please note that 
these citations are examples selected from a large number of specifications found which are 
considered citeable against at least claim 1 regarding a lack of novelty or inventive step. 
You are warned that further searching may be required at the substantive examination stage 
once amendment has been made to overcome these citatioans. 

Publication 

I estimate that, provided you have met all formal requirements, preparations for publication 
of your application will be completed soon after 16 January 2001. You will then receive a 
letter informing you of completion and telling you the publication number and date of 
publication. 

Amendment/ withdrawal 

If you wish to file amended claims for inclusion with the published application, or to 
withdraw the application to prevent publication, you must do so before the preparations for 
publication are completed. No reminder will be issued. If you write to the Office less 
than 3 weeks before the above completion date, please mark your letter prominently: 
"URGENT - PUBLICATION IMMINENT". 



Yours faithfully 
/iMi^L — - La. 




Matthew Lawson - Examiner 



^Use of E-mail: Please note that e-mail should be used for correspondence only. 

An Executive Agency of the Department of Trade and Industry 
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Int CI (Ed.7): B24B 31/00, 31/02 
Other: Online: PAJ, WPI 



Documents considered to be relevant: 
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to claims 
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GB 227277 


(ROLLS-ROYCE) - page 2 lines 59-77. 


10.11 


X,Y 


(LINES) - the whole specification, especially page 
2 lines 102-113. 


X: 1,2,4-9, 
12,14-17 
Y:10,ll 


X,Y 


(WOOD) - the whole specification, especially page 
2 lines 36-38, 80-90 & 116-119 and page 3 lines 
10-16. 


X:l,2, 
4-10,12, 
14-17 
Y:ll 
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JP 610270331 A 
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JP 580090458 A 


(AMATSUJI) - WPI Abstract Accession No. 87- 
011767/02 and PAJ Abv. 011133. 


1,2,4-7, 
12,14-17 
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(TOYOTA) - PAJ Abv. 007189 and the figures. 


1-8,12-17 
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SU 000963829 A 


(BONDARENKO) - WPI Abstract Accession No. 
83-733786/32 and the figures. 


1,2,4-8, 
12-17 
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US 5070658 


(RAJNER) - the whole specification, especially 
column 2 lines 55-59 & column 3 lines 9-41. 


1,2,4-10, 
12,14-17 
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US 4280302 


(OHNO) - the whole specification. 


1-10,12-17 



X Document indicating lack of novelty or inventive step A Document indicating technological background and/or stale of the art. 

Y Document indicating lack of inventive step if combined P, Document published on or after the declared priority date but be fore the 

with one or more other documents of same category. filing date of this invention. 

E Patent document published on or afler, but with priority date earlier 

<& Member of the same patent family than, the filing date of this application. 
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international application: 
fpctiving Oflice 


11/6799 


9913658.2 


GB 






item (2) 










Hem (3) 











fC3 The receiving Office i? requested to prepare and trans*. ~. — — — — - . . , - - - - 

W of the earlier arjrdicalion(s) (only if the earlier application was filed with ^Q^J^*^™ 

J- bumndanal application is ike receiving Office) KfcnUflftd above OS ltem(S> 



purposes of the present* 



* Where the earlier application h an ARJPO application, it it man***? to indicate in ^Sftm^e^Baxtk lew* om rcortby 7Wf> '« ^ 
Box Na VII INTERNATIONAL SEARCHING AUTHORITY 




the Authority chosen: the fturJemr code may toured) 

ISA/ 



Request to use results of earlier search; reference to that search ^/on carUer 
uairck ha* b*4* earned out by or requested from the Immaaomi Searching, Authority); 



Date (da/moadtyear) 



Number 



Country (or retfonal Office) 



Boi No. VIII CHECK LIST: LANGUAGE OP FILING 



This tnlemationd) application contains 
the following number of sheets: 

request : * 

description (excluding 
sequence listing part) 

claims 

abstract 

drawings 

sequence listing part 
of description 



: 5 
:2 
:1 
0 



Total number of sheet* : 12 



Figure of me drawing which 
should accompiny the abstract 



This international appUcatbn tz aeeompanied by the rtem(B) marked below 

1 . n fee calculation sheet 

2. □ separate signed power of attorney 

3* □ copy of general power ofanorney; reference number* if any 

4. □ ctatemenl explaining lack of signature 

5. □ priority documents) identified in Box No. VI as item(s); 

6. □ translation of international applicaiion into (language); 

7. □ separate indications concerning deposited roicrcorganiim of Other biological material 

8. □ nucleotide and/or amino acid sequence listing in computer readable form 

9. □ other (specify): ' 

Language of King of the 

international application: ■ . 



B w No, DC SIGNATURE OP APPLICANT OR AGENT ; • 



ERIC EDWARD BARNARD 



~*—m For receiving Office use only < 



\. Date of actual receipt^ of the rmrported 
international application: 



3. Corrected date of actual receipt due to later but 
timely received papen or drawings completing 
, the purported international application: 



4 . Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 



S. International Searching Authority *m 4 1 
(if two or more arc competent): *^ / 



6. f— 1 Transmittal of sewri copy delayed 
I 1 until search fee u paid. 



2. Drawings: 
I [ feceived: 

I \ not received: 



For Interna 60 nnl Bureao uae only , 



Date of receipt of the record copy 
by the Intemilrotial Bureau: 



form PCT/RO/101 (last sheet) (July 1998; reprint January 2000) 



See Noses to the request Jarm 
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From the INTERNATIONAL SEARCHING AUTHORITY 



PCT 



To: 

BROOKES & MARTIN 

in- DADMADn CDTT C 

Attn, daknaku, ckiv> c. 
High Holborn House 
C V54 High Holborn 
London WCIV 6SE 
UNITED KINGDOM 


NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

fPrVT Rule 44 1 ) 


Date of mailing 

(day/monttvyear; „ flOl 

U 3 W. w 


Applicant's or agent's file reference 

EEB/GCF 


FOR FURTHER ACTION See paragraphs 1 and 4 below 


Internationa) application No. 

PCT/GB 00/02266 


International filing date 
(day/monWyear) 12/06/2000 


Applicant 

NSK-RHP EUROPEAN TECHNOLOGY CO. LTD 



1. 



The applicant is hereby notified that the International Search Report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46): 

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
International Search Report; however, for more details, see the notes on the accompanying sheet. 



Where? Directly to the 



International Bureau of WIPO 
34, chemin des Colombettes 
121 1 Geneva 20, Switzerland 
Fascimile No.: (41-22) 740.14.35 



For more detailed Instructions, see the notes on the accompanying sheet. 

2. I — I The applicant is hereby notified that no International Search Report will be established and that the declaration under 
I — I Article 17(2)(a) to that effect is transmitted herewith. 

3. Q with regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

□ the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices. 

| | no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

4. Further action(s): The applicant is reminded of the following: 

Shortly after 18 months from the priority date, the international application will be published by the International Bureau. 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the 
priority claim, must reach the International Bureau as provided in Rules 90b/s.1 and 90b/s.3, respectively, before the 
completion of the technical preparations for international publication. 

Within 19 months from the priority date, a demand for international preliminary examination must be filed if the applicant 
wishes to postpone the entry into the national phase until 30 months from the priority date (in some Offices even later). 

Within 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national phase 
before all designated Offices which have not been elected in the demand or in a later election within 1 9 months from the 
priority date or could not be elected because they are not bound by Chapter II. 



Name and mailing address of the International Searching Authority 
European Patent Office, P.B. 5818 Patentlaan 2 
^rtn NL-2280 HV Rijswijk 

Q))} Tel. (+31 -70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31 -70)340-3016 




Authorized officer 

Irene Sardjoe 
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PATENT COOPERATION TREATY 

PCT 



INTERNATIONAL SEARCH REPORT 

(PCT Article 1 8 and Rules 43 and 44) 



Applicant's or agent's file reference 

EEB/GCF 


FOR FURTHER J£E*E*S£ 
ACTION 


Transmittal of International Search Report 
20) as well as, where applicable, item 5 below. 


International application No. 

PCT/GB 00/02266 


International filing date (day/month/year) 
12/06/2000 


(Earliest) Priority Date (day/month/year) 

11/06/1999 


Applicant 

NSK-RHP EUROPEAN TECHNOLOGY CO. LTD 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 



.sheets. 



This International Search Report consists of a total of D 

[X] It is also accompanied by a copy of each prior art document cited in this report. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 



language in which it was filed, unless otherwise indicated under this item. 

□ 



2. 

3. 



the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1 (b)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 

was carried out on the basis of the sequence listing : 

| | contained in the international application in written form. 

| | filed together with the international application in computer readable form. 

[ | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readble form. 

| | the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
— international application as filed has been furnished. 

| | the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

\T\ Certain claims were found unsearchable (See Box I). 
| | Unity of Invention is lacking (see Box II). 



4. With regard to the title, 

| [ the text is approved as submitted by the applicant. 

PC] the text has been established by this Authority to read as follows: 

METHOD TO IMPROVE THE SURFACE TOPOGRAPHY OF ROLLER BEARING COMPONENTS 



5. With regard to the abstract, 

PC] the text is approved as submitted by the applicant. 

I — I the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
I — I within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. 



□ as suggested by the applicant. [K] None of the figures. 

[ | because the applicant failed to suggest a figure. 
| | because this figure better characterizes the invention. 
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NOTES TO FORM PCT/ISA/220 



These Notes are intended to give the basic instructions concerning the filing of amendments under article 19. The 
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions 
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more 
detailed information, see also the PCT Applicant's Guide, a publication of WIPO. 

In these Notes, "Article', "Rule", and "Section" refer to the provisions of the PCT, the PCT Regulations and the PCT 
Administrative Instructions, respectively. 



INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19 



The applicant has, after having received the international search report, one opportunity to amend the claims of the 
international application. It should however be emphasized that, since all parts of the international application (claims, 
description and drawings) may be amended during the international preliminary examination procedure, there is usually 
no need to file amendments of the claims under Article 1 9 except where, e.g. the applicant wants the latter to be published 
for the purposes of provisional protection or has another reason for amending the claims before international publication. 
Furthermore, it should be emphasized that provisional protection is available in some States only. 



What parts of the international application may be amended? 

Under Article 1 9, only the claims may be amended. 

During the international phase, the claims may also be amended (or further amended) under Article 34 before 
the International Preliminary Examining Authority. The description and drawings may only be amended under 
Article 34 before the International Examining Authority. 

Upon entry into the national phase, all parts of the international application may be amended under Article 28 
or, where applicable, Article 41. 



When? Within 2 months from the date of transmittal of the international search report or 1 6 months from the priority 

date, whichever time limit expires later. It should be noted, however, that the amendments will be considered 
as having been received on time if they are received by the International Bureau after the expiration of the 
applicable time limit but before the completion of the technical preparations for international publication 
(Rule 46.1). 



Where not to file the amendments? 

The amendments may only be filed with the International Bureau and not with the receiving Office or the 
International Searching Authority (Rule 46.2). 

Where a demand for international preliminary examination has been/is filed, see below. 



How? Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of 

one or more of the claims as filed. 

A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or 
amendments, differs from the sheet originally filed. 

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a claim is 
cancelled, no renumbering of the other claims is required. In all cases where claims are renumbered, they must 
be renumbered consecutively (Administrative Instructions, Section 205(b)). 

The amendments must be made In the language In which the international application Is to be published. 



What documents must/may accompany the amendments? 
Letter (Section 205(b)): 

The amendments must be submitted with a letter. 

The letter will not be published with the international application and the amended claims. It should not be 
confused with the "Statement under Article 19(1)" (see below, under "Statement under Article 19(1)*). 

The letter must be in English or French, at the choice of the applicant However, if the language of the 
international application is English, the letter must be in English; if the language of the international application 
Is French, the letter must be in French. 
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NOTES TO FORM PCT/ISA/220 (continued) 



The letter must indicate the differences between the claims as filed and the claims as amended. It must, in 
particular, indicate, in connection with each claim appearing in the international application (ft being understood 
that identical indications concerning several claims may be grouped),whether 

(i) the claim is unchanged; 

(u) the claim is cancelled; 

(iii) the claim is new; 

(rv) the claim replaces one or more claims as filed; 

(v) the claim is the result of the division of a claim as filed. 



The following examples illustrate the manner in which amendments must be explained in the 
accompanying letter: 

1 [Where originally there were 48 claims and after amendment of some claims there are 51 ]: 

•Claims 1 to 29, 31 , 32, 34, 35, 37 to 48 replaced by amended claims bearing the same numbers; 
claims 30, 33 and 36 unchanged; new claims 49 to 51 added." 

2. [Where originally there were 1 5 claims and after amendment of all claims there are 1 1 ]: 
"Claims 1 to 15 replaced by amended claims 1 to 1 1 

3. [Where originally there were 1 4 claims and the amendments consist in cancelling some claims and in adding 
new claims] i 

"Claims 1 to 6 and 14 unchanged; claims 7 to 1 3 cancelled; new claims 15, 16 and 17 added." or 
"Claims 7 to 1 3 cancelled; new claims 1 5, 1 6 and 1 7 added; all other claims unchanged." 

4 [Where various kinds of amendments are made]: 

■Claims 1-10 unchanged; claims 11 to 1 3, 1 8 and 1 9 cancelled; claims 1 4, 1 5 and 1 6 replaced by amended 
claim 1 4; claim 17 subdivided into amended claims 1 5, 1 6 and 1 7; new claims 20 and 21 added." 



"Statement under article 19(1)" (Rule 46.4) 

The amendments may be accompanied by a statement explaining the amendments and indicating any impact 
that such amendments might have on the description and the drawings (which cannot be amended under 
Article 19(1)). 

The statement will be published with the international application and the amended claims. 
It must be in the language In which the international application Is to be published. 
It must be brief, not exceeding 500 words if in English or if translated into English. 

It should not be confused with and does not replace the letter indicating the differences between the claims 
as filed and as amended. It must be filed on a separate sheet and must be identified as such by a heading, 
preferably by using the words "Statement under Article 1 9(1 )." 

It may not contain any disparaging comments on the international search report or the relevance of citations 
contained in that report. Reference to citations, relevant to a given claim, contained in the international search 
report may be made only in connection with an amendment of that claim. 



Consequence if a demand for international preliminary examination has already been filed 

If at the time of filing any amendments and any accompanying statement, under Article 1 9, a demand for 
international preliminary examination has already been submitted, the applicant must preferably, at the time of 
filing the amendments (and any statement ) with the International Bureau, also file with the International 
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a 
translation of such amendments for the procedure before that Authority (see Rules 55.3(a) and 62.2, first 
sentence). For further information, see the Notes to the demand form (PCT/1 PEA/401). 

Consequence with regard to translation of the international application for entry into the national phase 

The applicant's attention is drawn to the fact that, upon entry into the national phase, a translation of the 
claims as amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or 
in addition to, the translation of the claims as filed. 

For further details on the requirements of each designateo7elected Office, see Volume II of the PCT Applicant's 
Guide. 
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INTERNATIONAL SEARCH REPORT 



International Application No 

PCT/GB 00/02266 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B24B1/00 B24B31/02 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 B24B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 657 658 
14 June 1995 
page 3, line 



A (TIMKEN CO) 
(1995-06-14) 
3 - line 4 



page 6, line 49 -page 7, line 19 



US 4 280 302 
28 July 1981 



A (0HN0 IETATSU) 
(1981-07-28) 



column 1, line 5 - line 10 
column 2, line 29 -column 3, line 32 
figure 5 

GB 1 211 710 A (KABUSHIKI KAISHA 
SHIKISHIMA TIPTON) 
11 November 1970 (1970-11-11) 
page 6, line 22 - line 34 

-/- 



1-3,9,10 

8 
8 



[3 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



e Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P* document published prior to the international filing date but 
later than the priority date claimed 



T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



22 September 2000 



Date of mailing of the international search report 



0 3. 11 00 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentiaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Petrucci , L 
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INTERNATIONAL SEARCH REPORT 


Intemsuons] Application no 

PCT/GB 00/02266 


(^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category * 


Citation of document, with indicatton.where appropriate, of the relevant passages 




A 


EP 0 061 298 A (BRENT CHEMICALS INT) 

29 September 1982 (1982-09-29) 

page 4, line 24 - line 26; claims 1,8 




8 


A 


US 5 593 339 A (SPEARS JR WILLIAM E ET 
AL) 14 January 1997 (1997-01-14) 
column 3, line 5 - line 26 
column 6, line 27 - line 29 
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INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/GB 00/02266 



' Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

^ Xfse they relate to subject matter not required to be searched by this Authority, namely: 



2 ' ^ bec^se they relate to parte of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out. specifically: 

see FURTHER INFORMATION sheet PCT/ISA/210 



3 ' ' because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking ( Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 



1. r~| As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' — I searchable claims. 



2. □ As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
— of any additional fee. 



3 I — I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
I I covers only those claims for which fees were paid, specifically claims Nos.: 



4 Fl No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
' 1 1 restricted to the invention first mentioned in the claims: it is covered by claims Nos.: 



Remark on Protest 



j [ The additional search fees were accompanied by the applicant's protest. 
j j no protest accompanied the payment of additional search fees. 
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International Application No* PCTX5B 00 02266 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



Continuation of Box 1.2 
Claims Nos. : 4-7 



Claims 4 to 7 lack clarity (Article 6 PCT) because an attempt is made to 
define a method by reference to a result to be achieved. This lack of 
clarity in the present case is such as to render a meaningful search 
over the whole of the claimed scope impossible. Consequently, the search 
has been carried out for those claims which appear to be clear namely 
claims 1 to 3 and 8 to 10. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International Application No 

PCT/GB 00/02266 



Patent document 
cited in search report 



Publication 
date 



Patent family 
members) 



Publication 
date 



EP 0657658 



14-06-1995 



US 
DE 
DE 



5503481 A 
69418836 D 
69418836 T 



02-04-1996 
08-07-1999 
20-01-2000 



US 4280302 A 28-07-1981 NONE 



GB 121171C A 11-11-1970 US 3513604 A 26-05-1970 



EP 


0061298 


A 


29-09-1982 


NONE 








US 


5593339 


A 


14-01-1997 


US 


5384990 


A 


31-01-1995 










US 


5863883 


A 


26-01-1999 










US 


5575705 


A 


19-11-1996 










US 


5681205 


A 


28-10-1997 










US 


5669945 


A 


23-09-1997 
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PATENT COOPERATIO^REATY 

PCT 



INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 

EEB/GCF 


POR FURTHER 366 Notification of Transmittal of International Search Report 
_ (Form PCT/IS A/220) as well as, where applicable, item 5 below. 

ACTION 


International application No. 

PCT/GB 00/02266 


International filing date ( day/month/year) 

12/06/2000 


(Earliest) Priority Date (day/month/year) 

11/06/1999 


Applicant 

NSK-RHP EUROPEAN TECHNOLOGY CO. LTD 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of § sheets. 

[X] ft is also accompanied by a copy of each prior art document cited in this report. 



1. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

| I the international search was carried out on the basis of a translation of the international application furnished to this 
' — ' Authority (Rule 23.1 (b)). 

b. With regard to any nucleotide and/or amino add sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

| | contained in the international application in written form. 

filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 



□ 
□ 
□ 
□ 

□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 



2. 
3. 



|X | Certain claims were found unsearchable (See Box I). 
[ [ Unity of Invention Is lacking (see Box II). 

With regard to the title, 

| | the text is approved as submitted by the applicant. 

[X"| the text has been established by this Authority to read as follows: 

METHOD TO IMPROVE THE SURFACE TOPOGRAPHY OF ROLLER BEARING COMPONENTS 



5. With regard to the abstract, 

| X | the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. 

| | as suggested by the applicant. | X | None of the figures. 

| [ because the applicant failed to suggest a figure. 

| | because this figure better characterizes the invention. 
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INTERNATIONAL SEARCH REP 



International Application No 

PCT/GB 00/02266 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B24B1/00 B24B31/02 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 B24B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° 



r 



Citation of document, with indication, where appropriate, of the relevant passages 
s 



Relevant to claim No. 



EP 0 657 658 A (TIMKEN CO) 
14 June 1995 (1995-06-14) 
page 3, line 3 - line 4 
'page 6, line 49 -page 7, line 19 

US 4 280 302 A (OHNO IETATSU) 
28 July 1981 (1981-07-28) 
'column 1, line 5 - line 10 
column 2, line 29 -column 3, line 32 
figure 5 

GB 1 211 710 A (KABUSHIKI KAISHA 
SHIKISHIMA TIPTON) 
11 November 1970 (1970-11-11) 
page 6, line 22 - line 34 

-/-- 



1-3,9,10 

8 
8 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
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IMPROVEMENTS IN ROLLING ELEMENTS BEARINGS 
TECHNICAL FIELD 

The present invention relates to rolling element bearings and, more particularly, the 
invention relates to improvements in the performance of such bearings by treatment of 
the individual bearing components subjected to rolling contact during use Le. the inner 
ring, outer ring and rolling elements. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a method of treatment of such rolling element 
bearing components to improve the properties of the component. It is also an object of 
the present invention to improve the performance of bearings generally. 

According to an aspect of the invention there is provided a method of treatment of a 

rolling element bearing component by hard particle abrasion of the component, the hard 

particle abrasion comprising the steps of: 

immersing the bearing component in a receptacle containing hard particles; and 
agitating the bearing component and/or hard particles to produce relative 

movement therebetween and to improve the surface topography of the component. 
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According to another aspect of the invention there is provided a rolling element bearing 
component treated in accordance with the method of the invention. 

According to a further aspect of the invention there is provided a rolling element bearing 
comprising such a component or components. 

BACKGROUND 

The process of hard particle abrasion, or ceramic abrasion, is known in the art and hard 
particle abrasion equipment is commercially available. 

DESCRIPTION 

Hard particle abrasion of rolling element bearing components may simply involve 
immersing one or more of the bearing components in the receptacle containing the hard 
particles and usually a fluid carrier. The particles are typically alumina or other ceramics 
and can vary in size from a few microns to over a millimetre. The hardness of the 
particles is normally equal to or greater than that of the bearing component to be treated 
and the fluid is usually water. Corrosion inhibitors may be added to the fluid. 

The or each bearing component and/or the hard particles in the fluid are agitated to give 
relative movement between the bearing components and the particles. The resulting 
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impact or action of the hard particles on the surface of the bearing component primarily 
modifies the topography of the surface, giving an improved surface finish, and preferably 
induces beneficial residual compressive stress in the surface. The modified surface 
topography has better tribological properties and the residual stress offsets the stresses 
experienced by the bearing component during use. Preferably, the surface finish of the 
component is improved to below 0.10 urn, preferably to around 0.07 urn. A pre- 
treatment surface finish of around 0.13 um could be typical. 

The process of hard particle abrasion when applied to bearing components alleviates 
surface defects that can be introduced into the component surface, for instance the 
raceway surface, by conventional grinding and honing. In addition, consistently good 
surface finishes can be achieved, preferably without the need for expensive finish 
grinding and honing. 

DETAILED DESCRIPTION OF PREFERRED IMPLEMENTATIONS 
In practice several components are treated at once. 

In an example of performing the method of the present invention, bearing components 
are treated for around 30 minutes. The components are supported in a bath containing 
water with a corrosion inhibitor and alumina particles of size 10 microns. Relative 
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movement between the bearing components and alumina particles is provided by rotating 
components in one direction while the bath is rotated in the opposite direction. 



me 



A range of alumina particle sizes may be used and an alternative example uses a typical 
particle size of 1 mm. Generally, the components are treated for between 10 minutes to 
1 hour although 30 minutes is typical. Generally, the speed of rotation of the bath is 
between 30 rpm and 90 rpm, typically 60 rpm and the speed of rotation of the 
component is between 5 rpm and 1 5 rpm, typically 1 0 rpm. 

An assessment before and after such abrasion of bearing inner rings made in M50 NiL 
material shows that the surface finish (Ra) is improved from around 0.1282 to 0.0715 
um. The roundness of the rings was not significantly affected and the material removed 
per surface was about 4 um. The raceway of the ring required little or no further 
grinding or honing. 

Potymet testing of ceramicaUy abraded bearing components made in M50 NiL material 
gave an improvement in fatigue life of over 12 times that of untreated components. 

Measurement of the residual compressive stress in the surface of M50 NiL bearing 
components shows that ceramic abrasion increases the compressive stress in the surface 
of the components by several hundred MPa. The increase in residual compressive stress 
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produced in the surfece of a component treated in accordance with the method of the 
invention is between 200 MPa and 500 MPa, typically 400 MPa. 

The improved surface topography and the residual compressive stress induced in the 
surfece of the bearing components improve the fatigue resistance of the bearing 
components and consequently the bearing itself. In particular rolling contact fatigue 
performance is improved. 

Rolling element bearings comprising components that have been treated in accordance 
with the invention may be used where an improvement in bearing performance is 
required. Particular examples are gas turbine engine main shaft bearings for use in 
aerospace or other applications. 
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Claims 

1. A method of treatment of a rolling element bearing component by hard particle 
abrasion of the component, the hard particle abrasion including the steps of: 

immersing the bearing component in a receptacle containing hard particles; and 
agitating the bearing component and/or hard particles to produce relative 
movement therebetween and to improve the surface topography of the component. 

2. A method according to claim 1, wherein the method is performed for between 10 
minutes and 1 hour. 

3. A method according to claim 1 or 2, wherein the relative movement is produced 
by rotating the component in one direction while the receptacle is rotated in the opposite 
direction. 

4. A method according to any one of claims 1 to 3, whereby the surface finish of the 
component is improved from around 0.13 jxm to around 0.07 Jim. 

5. A method according to any one of claims 1 to 4, whereby the compressive stress 
in the surface of the component is increased by between 200 MPa and 500 MPa. 
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6. A method according to any one of claims 1 to 5, whereby the rolling contact 
fatigue life of the component is significantly enhanced. 

7. A method according to any one of claims 1 to 6, whereby a surface finish on the 
component is produced which requires no further machining. 

8. A method according to any one of claims 1 to 7, wherein the hard particles 
comprise alumina. 

9. A rolling element bearing component produced by the method of any one of the 
preceding claims. 

10. A rolling element bearing comprising one or more components according to 
claim 9. 



